INTRODUCTION {#sec1-1}
============

Gout and hypertension are two degenerative diseases that are capable of reducing the quality of life of individuals suffering from them. Research has shown that elevated uric acid level, an index of gout resulting from the over-activity of xanthine oxidase (XO), increases the risk of developing hypertension \[[@ref1]\], indicating a link between gout and hypertension. In fact, hypertension is an established predictor of gout, in addition to other risk factors such as serum uric acid level and obesity \[[@ref2]\]. The incidences of both diseases are increasing globally and both increases with advancing age. Whereas gout is a more prevalent in men over 30 years of age and in women above 50 years \[[@ref3]\], hypertension is estimated to affect about 65% of the population in developed countries within the age group of 65-74 years \[[@ref4]\]. It is projected that the number of adults with hypertension will increase to a total of 1.56 billion by the year 2025, which translates to about 60% increase \[[@ref5]\]. The two diseases are degenerative in nature, being capable of reducing the quality of life of individuals suffering from them \[[@ref5],[@ref6]\]. Hypertension is also known risk factor for other diseases, including arteriosclerosis, myocardial infarction, stroke, and end-stage renal disease, that also contribute to reduce the quality of life \[[@ref5]\].

The level of uric acid in the cell depends on the activity of XO. XO catalyzes the terminal steps in the catabolism of purines in which hypoxanthine is converted to xanthine, and eventually to uric acid, during which molecular oxygen is reduced to superoxide, a reactive oxygen species (ROS) \[[@ref1]\]. The over-activity of XO leads to hyperuricemia (increased concentration of uric acid), and the subsequent deposition of monosodium urate monohydrate crystals in tissue, especially joints, thereby resulting in gouty arthritis, or uric acid nephrolithiasis \[[@ref3],[@ref7]\]. Hence, gout is a chronic inflammatory arthritis in which there is a high concentration of uric acid in body fluids, due to the over-activity of XO \[[@ref8]\].

The activity of XO is linked with elevated arteriolar tone and consequently, hypertension \[[@ref9]\]. Indeed, the activity of endothelial-bound XO rises by over 200% in patients with chronic heart failure \[[@ref10]\]. The ROS produced by XO-catalyzed reactions are known to promote cardiovascular pathologies such as endothelial dysfunction, atherosclerosis, and hypertension \[[@ref11]\]. The oxidative stress on endothelial cells resulting from the intracellular production of uric acid-derived radicals has the potential to activate the renin/angiotensin pathway, and consequently, the development of renal arteriolar disease \[[@ref12]\]. In the rennin/angiotensin pathway, angiotensin 1-converting enzyme (ACE) (EC: 3.4.15.1) catalyzes the conversion of angiotensin I to angiotensin II, a known vasoconstrictor that increases blood pressure, by activating aldosterone secretion, and inactivating bradykinin, a vasodilator and hypotensive peptide \[[@ref13]\]. ACE therefore plays a vital role in the regulation of blood pressure and normal cardiovascular function.

Thus, the inhibition of XO and ACE is an important strategy for the treatment and management of gout and hypertension, and this informs why chemically synthesized inhibitors of XO (including allopurinol) and ACE (including captopril, enalapril, and ramipril), are used clinically for the treatment of gout and hypertension, respectively \[[@ref7],[@ref14]\]. Incidentally, synthetic inhibitors of XO and ACE both present with some adverse effects. The XO inhibitors are associated with the risk of developing hypersensitivity syndrome, characterized by side effects such as hepatic dysfunction, renal impairment, fever, rashes, and leukocytosis \[[@ref15]\], whereas the ACE inhibitors have such adverse effects as skin rashes, cough, proteinuria, and hypotension \[[@ref16]\]. However, research has shown that plant-derived inhibitors of both enzymes, including the polyphenolics, could be relatively safe and effective. Previous studies have also shown that several food and medicinal plants with a high level of flavonoids and other phenolic compounds are able to inhibit XO \[[@ref17],[@ref18]\]; and ACE \[[@ref19]\].

Guava (*Psidium guajava* Linn.), belonging to the family Myrtaceae, is found in the tropical and subtropical regions of the world including Nigeria. The plant has versatile applications ranging from food to folk medicine. In fact, it has been regarded as "a plant of multipurpose medicinal applications" \[[@ref20]\], as different parts of it, including the roots, leaf and stem bark, have plenty of medicinal values. In particular, the leaf aqueous extracts were reported to possess anti-inflammatory and analgesic effects \[[@ref21]\]; as well as anti-diabetic and anti-hypertensive activities \[[@ref22]\] in rats. Other biological activities of the leaf extract include anti-microbial \[[@ref23]\]; antioxidant, antibacterial and anti-tumor \[[@ref24]\]; and several others as reviewed by Barbalho *et al*. \[[@ref20]\]. In this study, we characterized the polyphenolics (flavonoids and phenolic acids) of guava leaves, and evaluated its inhibitory effect on XO and ACE; and it antioxidant effects *in vitro*, with a view to elucidating the possible mechanism of its anti-gout and antihypertensive activities.

MATERIALS AND METHODS {#sec1-2}
=====================

Samples Collection and Preparation {#sec2-1}
----------------------------------

About 800 g of fresh leaves sample was collected from a guava plant in Akingbile, Moniya, Ibadan, Nigeria. The sample was botanically identified and authenticated at the herbarium of the Department of Botany, University of Ibadan, Nigeria. Thereafter, the sample was air-dried for 7 days and later ground finely to a particle size of 0.5 mm. The powdery sample was stored in air-tight plastic vials at --4°C until analysis.

Chemicals and Reagents {#sec2-2}
----------------------

Methanol, formic acid, gallic acid, chlorogenic acid, caffeic acid, and ellagic acid purchased from Merck (Darmstadt, Germany). Catechin, epicatechin, quercetin, rutin, apigenin, and luteolin; porcine pancreatic lipase, Hippuryl-histidyl- leucine (Bz-Gly-His-Leu), Rabbit lung ACE, Xanthine, Allopurinol, 2,2-diphenylpicrylhydrazyl (DPPH), 2,2´-azino-bis-3-ethylbenzthiazoline-6-sulphoni (ABTS), and Trolox, L-ascorbic acid (Vitamin C) were acquired from Sigma Chemical Co. (St. Louis, MO, USA). All other chemicals used for analysis were of analytical grade.

Preparation of Polyphenolics-rich Extract {#sec2-3}
-----------------------------------------

Polyphenolics-rich extract of guava leaves was prepared as described by Kuo *et al*. \[[@ref25]\]. A portion of the leaves powder (100 g) was extracted three successive times with 300 mL of methanol at 50°C for 3 h, and the sample was filtered after each extraction with Whatman (No. 2) filter paper. The combined extract was partitioned with 200 mL hexane in a separatory funnel to get rid of the lipids and some pigments. The aqueous phase was extracted 3 times with 180 mL ethyl acetate and evaporated to dryness at 45°C under reduced pressure in a rotary evaporator. The residue obtained was used for the assays.

Quantification of Flavonoids and Phenolic Acids by High Performance Liquid Chromatography Diode Array Detection (HPLC-DAD) {#sec2-4}
--------------------------------------------------------------------------------------------------------------------------

The guava leaves extract was injected by means of Auto-sampler (Shimadzu, model SIL-20A) at a concentration of 15 mg/mL. Separations of phenolics were carried out using Phenomenex C~18~ column (4.6 mm × 250 mm × 5 μm particle size). The mobile phase comprised solvent A (water: formic acid \[98:2, v/v\]) and solvent B (acetonitrile), at a flow rate of 0.6 mL/min and injection volume of 40 μL. Gradient program was started with 95% of A and 5% of B until 2 min and changed to obtain 25%, 40%, 50%, 70% and 80% B at 10, 20, 30, 50 and 70 min, respectively, following the method described by Boligon *et al*. \[[@ref26]\], with slight modifications. The extract and mobile phase were filtered through a 0.45 μm membrane filter (Millipore) and then degassed in an ultrasonic bath before use. Standards references stock solutions were prepared in the HPLC mobile phase at a concentration range of 0.025-0.300 mg/mL. Quantifications of the flavonoids and phenolic acids in the extract were carried out by integration of the peaks using the external standard method at the following wavelengths: 254 nm for gallic acid and ellagic acid; 280 nm for catechin and epicatechin; 325 nm for caffeic acid and chlorogenic acid; and 366 nm for quercetin, quercitrin, kaempferol, luteolin and rutin. The identification of the individual chromatography peaks and quantification of the corresponding phenolic compounds were based on a combination of retention time and spectral matching with those of reference standards. The chromatography analysis was carried out at ambient temperature and in triplicate.

Limit of Detection (LOD) and Limit of Quantification (LOQ) of Flavonoids and Phenolic Acids {#sec2-5}
-------------------------------------------------------------------------------------------

LOD and LOQ were calculated based on the standard deviation (SD) of the responses and the slope using three independent analytical curves, as previously defined by Khaliq *et al*. \[[@ref27]\]. LOD and LOQ were calculated as 3.3 and 10 s/S, respectively, where s is the SD of the response and S is the slope of the calibration curve.

Handling of Experimental Animal {#sec2-6}
-------------------------------

Adult male Wister strain albino rats weighing 200-250 g were procured from the experimental animal breeding unit of Department of Veterinary Medicine, University of Ibadan, Nigeria. To ensure the protection of animals' welfare during experiments, the guidelines outlined in the Guide for the Care and Use of Laboratory Animals prepared by the National Academy of Science and published by the National Institute of Health (USA) \[[@ref28]\], were followed. The rats were acclimatized in cages under ambient laboratory conditions for 7 days, during which they had free access to food and water.

Preparation of Liver Homogenates for XO and Lipid Peroxidation Inhibition Assays {#sec2-7}
--------------------------------------------------------------------------------

The method described by Nakamura *et al*. \[[@ref29]\] was followed to prepare the liver tissue homogenates used for XO and lipid peroxidation inhibition assays. The liver tissue was rapidly excised after decapitation of the rats under mild ether anesthesia. The tissue was washed in cold 0.15 M KCl, and blotted dry. Then, 1 g of it was homogenized in 9 volumes of ice-cold 50 mM Tris-HCl buffer (pH 7.4) containing 1 mM ethylenediaminetetraacetic acid. Thereafter, a portion of the homogenate was centrifuged for 10 min at 1400 × g to yield a low-speed supernatant that was used for the lipid peroxide assay. For the XO assay, another portion of the homogenate was sonicated twice on ice for 30 s and then centrifuged at 10,000 × g for 20 min at 4°C to obtain the supernatant fraction used.

XO Inhibition Assay {#sec2-8}
-------------------

The ability of the extract to inhibit XO was tested according to the method reported by Umamaheswari *et al*. \[[@ref18]\] with slight modification. The reaction mixture contained 300 μL of 50 mM sodium phosphate buffer (pH 7.5), 100 μL of the extract at different concentrations (15, 30, 45 and 60 μg/mL) in dimethyl sulfoxide (DMSO), 100 μL of freshly prepared tissue enzyme preparation (liver homogenate) and 100 μL of distilled water. The test mixture was pre-incubated at 37°C for 15 min. Thereafter, 200 μL of 0.15 mM of xanthine solution (substrate) was added to the mixture and it was further incubated at 37°C for 30 min. Next, 200 μL of 0.5 M HCl was added to terminate the reaction. Allopurinol was used as a positive control for the assay; a reference test containing 100 μL of DMSO instead of the extract was also carried out so as to obtain the maximum uric acid formed. The absorbance was measured at 295 nm on a UV/VIS spectrophotometer against a blank prepared in the same way except that the liver homogenate was replaced with the phosphate buffer. One unit (U) of this enzyme is defined as the amount of enzyme required to form 1 mmol of uric acid per min at the reaction conditions. The XO inhibitory ability of the extract was calculated as percentage inhibition as follows:
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Where A295~reference~ is the reference without the extract, and A295~sample~ is the absorbance of test containing the extract.

Lipid Peroxidation Inhibition Assay {#sec2-9}
-----------------------------------

The ability of the extract to inhibit Fe^2+^-induced lipid peroxidation was tested according to the modified method of Ohkawa *et al*. \[[@ref30]\]. Briefly, to a reaction mixture containing 100 μL of the homogenate supernatant, 30 μL of 0.1 M Tris-HCl buffer (pH 7.4) and different concentrations (15, 30, 45 and 60 μg/mL) of the extract, 30 μL of freshly prepared 25 μM solution of ferric sulfate was added to initiate lipid peroxidation. The volume was made up to 300 μL with deionized water before incubation at 37°C for 1 h. The color reaction was initiated by adding 300 μL of 81 g/L sodium duodecyl sulfate to the reaction mixture, followed by the addition of 600 μL of acetic acid/HCl (pH 3.4) and 600 μL of 0.8% (v/v) TBA (thiobarbituric acid). This mixture was incubated at 100°C for 1 h. The absorbance of thiobarbituric acid reactive species (TBARS) produced were measured at 532 nm in a UV-visible spectrophotometer. A reference test without the plant extract was carried out to obtain the maximum TBARS formation. The ability of the extract to inhibit Fe^2+^-induced lipid peroxidation was expressed as percentage inhibition thus:
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Where A532~reference~ is the absorbance of the reference without the extract, and A532~sample~ is the absorbance of test containing the extract.

ACE Inhibition Assay {#sec2-10}
--------------------

ACE inhibition was assayed using a spectrophotometric method described by Cushman and Cheung \[[@ref31]\]. ACE from rabbit lung (EC 3.4.15.1) and the substrate (Hippuryl-histidyl-leucine \[Bz-Gly-His-Leu\]) were used. In this assay, the Bz-Gly-His-Leu is cleaved by ACE to form hippuric acid, which is measured spectrophotometrically. Different dilutions (15, 30, 45 and 60 μg/mL) of the extract amounting to 50 μL and 50 μL ACE solutions (4 mU/mL) were pre-incubated at 37°C for 15 min. After pre-incubation, 150 μL of 8.33 mM of the Bz-Gly-His-Leu in 125 mM Tris-HCl buffer (pH 8.3) was added to the mixture to initiate the enzymatic reaction, and this was incubated at 37°C for 30 min. Next, the reaction was terminated by adding 250 μL of 1 M HCl. The hippuric acid produced by the reaction was extracted with 1.5 mL ethyl acetate. Subsequently, the ethyl acetate layer was separated from the mixture by centrifugation, and 1 mL of it was transferred to a clean test tube and evaporated to dryness in a hot-air oven. The resulting residue was redissolved in distilled water and its absorbance was measured at 228 nm. A reference test (without the extract), and a positive control test (containing 64 nmol/L of captopril) were carried out simultaneously with the test extract. 1 unit (U) of ACE activity is defined as the amount of enzyme required to catalyze the formation of 1 μmol of hippuric acid from hippuryl-histidyl-leucine per minute at 37°C. The ability of the extract to inhibit ACE activity was expressed as percentage inhibition thus:
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Where A228~reference~ is the absorbance of the reference without the extract, and A228~sample~ is the absorbance of test containing the extract.

Estimation of ABTS\*^+^ Scavenging Ability {#sec2-11}
------------------------------------------

The ABTS\*^+^ scavenging ability of the extract was determined according to the method described by Re *et al*. \[[@ref32]\]. To generate the ABTS\*^+^, an equal volume of 7 mM ABTS\*^+^ aqueous solution was incubated with 2.45 mM K~2~S~2~O~8~ for 16 h at room temperature in the dark; then its absorbance (at 734 nm) was adjusted to 0.7 ± 0.02 with 95% ethanol. Thereafter, appropriate dilution of the extract amounting to 0.2 mL was mixed with 2.0 mL ABTS\*^+^ solution. The test mixture was kept in the dark for 15 min, after which its absorbance was measured at 734 nm. The ABTS\*^+^ scavenging ability of the extract was subsequently calculated from a standard curve prepared using Trolox and expressed in Trolox equivalent (TE).

Determination of DPPH free Radical Scavenging Ability {#sec2-12}
-----------------------------------------------------

The DPPH\* scavenging ability of the extract was determined as described by Cervato *et al*. \[[@ref33]\]. Appropriate dilutions (10, 20, 30 and 40 μg/mL) of the extract, amounting to 1.0 mL was mixed with 3.0 mL of DPPH\* (60 μM). The test mixture was kept in the dark for 30 min, after which the absorbance was measured at 517 nm. A reference test (containing the DPPH\* solution without the extract), and a reference standard (containing the DPPH\* solution and ascorbic acid) were included in the assay. The DPPH\* percentage scavenging ability of the extract was calculated as follows:
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Where A517~reference~ is the absorbance of the reference test; and A517~sample~ is the absorbance of the test containing the extract.

Statistical Analysis {#sec2-13}
--------------------

Results of replicate experiments were expressed as mean ± SD. Independent samples *t*-test was performed on the result data at 95% confidence level using SPSS statistical software package, version 17. IC~50~ was calculated from the % inhibition versus extract concentration non-linear regression curve of the extract.

RESULTS {#sec1-3}
=======

Characterization of the phenolics composition of the guava leaf extract using HPLC-DAD showed that the extract was rich in flavonoids and phenolic acid, and the result is presented in [Table 1](#T1){ref-type="table"}. Flavonoids were present in the extract in the order of quercetin \> kaempferol \> catechin \> quercitrin \> rutin \> luteolin \> epicatechin; while phenolic acids were in the order of caffeic acid \> chlorogenic acid \> gallic acids. A representative HPLC chromatogram of the extract is shown in [Figure 1](#F1){ref-type="fig"}.

###### 

Flavonoids and phenolics acids composition of guava leaves extract
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![Representative high performance liquid chromatography profile of guava leaves extract. Detection UV was at 325 nm. Gallic acid (peak 1), catechin (peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 5), epicatechin (peak 6), rutin (peak 7), quercitrin (peak 8), quercetin (peak 9), kaempferol (peak 10) and luteolin (peak 11)](JIE-5-122-g006){#F1}

The inhibitory effects of the extract on the activities of XO and ACE, and Fe^2+^-induced lipid peroxidation, expressed as IC~50~, are presented in [Table 2](#T2){ref-type="table"}. The extract inhibited XO, having IC~50~ of 38.24 ± 2.32 μg/mL, in comparison with the IC~50~ of 5.78 ± 0.25 μg/mL, observed for the standard reference XO inhibitor (allopurinol). The extract also inhibited ACE, with IC~50~ of 21.06 ± 2.04 μg/mL in relation to the IC~50~ of 4.96 ± 0.18 μg/mL, recorded for the captopril that was used as the standard reference ACE inhibitor. The result showed that the extract had an IC~50~ of 27.52 ± 1.72 μg/mL against Fe^2+^-induced lipid peroxidation. The patterns of the inhibitory effects of the extract on XO, ACE and Fe^2+^-induced lipid peroxidation were dose-dependent as depicted in [Figure 2](#F2){ref-type="fig"}.

###### 

IC~50~ of guava leaves extract against XO, ACE activities, and Fe^2+^-induced lipid peroxidation
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![% inhibition-extract concentration curves showing the dose-dependent inhibition of xanthine oxidase (XO), angiotensin 1-converting enzyme (ACE) and Fe^2+^-induced lipid peroxidation (LP) by guava leaves extract](JIE-5-122-g008){#F2}

The ability of the extract to scavenge free radicals was tested using DPPH\* and ABTS\*^+^ assays, and the results are presented in [Table 3](#T3){ref-type="table"}. The extract strongly scavenged DPPH\*, having half-maximal scavenging concentration (SC~50~) of 13.38 ± 0.86 μg/mL, relative to that of ascorbic acid (7.38 ± 0.27 μg/mL), the standard reference antioxidant. In addition, the extract scavenged DPPH\* in a dose-dependent manner \[[Figure 3](#F3){ref-type="fig"}\]. Similarly, the extract strongly scavenged ABTS\*^+^ as shown by its TE antioxidant capacity (TEAC) value of 3.20 ± 0.14 mmol TEAC/g.

###### 

DPPH\* IC~50~ and ABTS\*^+^ scavenging ability of guava leaves extract

![](JIE-5-122-g009)

![2,2-diphenylpicrylhydrazyl % scavenging ability-extract concentration curve of guava leaves extract](JIE-5-122-g010){#F3}

DISCUSSION {#sec1-4}
==========

Despite advances in medicine, the incidences of gout and hypertension continue to increase, partly due to the high cost of the available synthetic inhibitors of the enzymes (including XO and ACE) associated with both diseases, and their attendant side effects. Unfortunately, both diseases are degenerative, and are so, capable of reducing the quality of life of those suffering from them. This development has aroused research for natural inhibitors of these enzymes that could be effective, safe and more affordable. In this regard plant phenolics, particularly flavonoids and phenolic acids, have emerged to be promising candidates. Recent studies have revealed that various plants extracts rich in flavonoids and phenolic acids can inhibit one of these two enzymes \[[@ref17],[@ref19]\]. Existing literature also indicated that guava leaves extracts possessed anti-inflammatory \[[@ref21]\], and anti-hypertensive \[[@ref22]\] activities in rats. Hence, we characterized the flavonoids and phenolics acids of guava leaves extract, and evaluated its XO and ACE inhibitory effects, and antioxidant activity; with a view to elucidating the possible mechanism(s) of its anti-gout and anti-hypertensive effects.

The phenolics composition of the guava leaves extract revealed that it contained the flavonoids: Quercetin, kaempferol, catechin, quercitrin, rutin, luteolin, and epicatechin; with quercetin being the most abundant flavonoid, followed by kaempferol. The result further revealed that the extract contained the phenolic acids: Caffeic acid, chlorogenic acid, and gallic acids; with caffeic acid, followed by chlorogenic acid as the most abundant. This result is in conformity with the report of Jang *et al*. \[[@ref34]\], who identified the presence of gallic acid, catechin, chlorogenic acid, catechin, caffeic acid, rutin, and other phenolic compounds in guava leaf extract using HPLC. However, there were differences in the quantities of the phenolic compounds we detected and those they earlier reported. For instance, the quantities we observed for gallic acid, catechin, chlorogenic acid, caffeic acid and rutin (1.63 ± 0.03, 2.39 ± 0.01, 2.31 ± 0.04, 6.28 ± 0.03 and 2.26 ± 0.03 mg/g, respectively), were generally higher than the values (gallic acid: 0.09 ± 0.00 mg/g; catechin: 0.72 ± 0.04 mg/g; chlorogenic acid: 0.19 ± 0.01 mg/g; caffeic acid: 0.14 ± 0.00 mg/g; rutin: 0.34 mg/g) they reported \[[@ref34]\]. These differences may partly be due to the variation in the detection system of the HPLC used. Whereas we used HPLC coupled with diode array detector (HPLC-DAD), Jang *et al*. \[[@ref34]\] used HPLC coupled with a UV-vis multi-wavelength detector (HPLC-UV-vis). In addition, variations in biotic and abiotic factors relative to the regions where plants were grown; as well as variations in the period of sample collection, are also known to contribute to differences in the levels of phytochemicals in plants \[[@ref24]\].

Previous reports have shown that various plant extracts rich in flavonoids and phenolic acids were potent in inhibiting some enzymes implicated in certain pathological conditions, including XO for gout \[[@ref17]\], ACE for hypertension \[[@ref19]\], α-amylase and α-glucosidase for Type 2 diabetics \[[@ref35]\], in addition to possessing antioxidant activity, and other health benefits. The inhibition of XO is an important clinical strategy for treating hyperuricemia and gouty arthritis; as it helps in decreasing the amount of uric acid in circulation, and vascular oxidative stress \[[@ref36]\]. In this respect, the plant-derived polyphenolics have been shown to be effective in inhibiting XO and alleviating the resultant hyperuricemia. As natural components of plant foods, they are considered to be safer than synthetic XO inhibitors including allopurinol \[[@ref37]\]. The structure of the flavonoids promotes their ability to inhibit XO. In particular, the C-5 and C-7 hydroxyl groups of flavones and flavonols can replace the C-2 and C-6 ones of xanthine in the XO active site \[[@ref38],[@ref39]\]. This effect is made possible by the mutual inter-convertibility of the carboxyl structures of xanthine to hydroxyl groups \[[@ref40]\]. The IC~50~ of the guava leaves extract against XO in this study (38.24 ± 2.32 μg/mL) is lower than the 45.71 ± 1.44 μg/mL we recently reported for phenolics extract of *Tetrapleura tetraptera* fruit \[[@ref17]\], and the 42 μg/mL reported for *Olea europaea* leaf extract \[[@ref41]\]. The lower IC~50~ of the guava leaves extract indicates a stronger XO inhibitory activity than *T. tetraptera* fruit and *O. europaea* leaf extracts. By inhibiting XO, the guava leaves extract could be useful in managing hyperuricemia, the index of gout, and preventing the downstream events, including increased production of ROS, activation of the renin/angiotensin pathway and inactivation of bradykinin, that link hyperuricemia to hypertension.

The inhibition of ACE, the enzyme that catalyzes the conversion of angiotensin I to angiotensin II in the renin--angiotensin--aldosterone system, has become a strategic target for the treatment of hypertension and other cardiovascular diseases \[[@ref42]\]. Angiotensin II is a known vasoconstrictor that activates the aldosterone secretion, and inactivates bradykinin, a vasodilator and hypotensive peptide \[[@ref13]\]; thereby increasing the blood pressure. The angiotensin II is also capable of increasing the superoxide production activity of the endothelial cells. However, research has shown that plant-derived polyphenolics can inhibit ACE. Among the polyphenolic compounds, flavonoids and phenolic acids are prominent for their potent anti-hypertensive activity, and are therefore promising active principles for non-pharmacological nutraceutical intervention in hypertension \[[@ref43]\]. The inhibition of ACE is a striking anti-hypertensive mechanism of flavonoids. The flavonoids have a combination of sub-structures on their skeleton that favors their ACE inhibitory effect. These sub-structures include the catechol group in the B-ring, the double bond between C2 and C3 at the C-ring, and the cetone group in C4 at the C-ring of the flavonoids \[[@ref44]\]. Other mechanisms of their anti-hypertensive activity include improvement of endothelial function, modulation of vascular smooth muscle, cell signaling, and gene expression; and their antioxidant effect \[[@ref45]\]. Interestingly, quercetin, the most abundant flavonoid in the guava leaves extract, has been reported to have anti-hypertensive activity which it mediates via several mechanisms including ACE inhibition, which is considered as the most important mechanism \[[@ref46]\]. The salient inhibitory effect of quercetin on ACE activity could be attributed to its optimum binding affinity with the ACE, as it has a binding energy of --8.5 kcal/mol relative to the standard value of --7.0 kcal/mol, as revealed by its *in silico* analysis \[[@ref45]\].

Phenolic acids also mediate their anti-hypertensive effect by inhibiting ACE and maintaining vascular endothelial function \[[@ref47]\]. The ACE inhibitory effect of phenolic acids is due to the net contribution of their functional groups (COO^--^ and OH^--^); the ability of the oxygen atom of their carboxylate moiety to form charge-charge interactions with the Zn^2+^ present in the ACE active site; and their ability to form a stable complex with ACE, through their interaction with the amino acids residues at the active site of ACE \[[@ref46]\]. It is also noteworthy that caffeic acid, the most abundant phenolic acid in the guava leaves extract in this study, was reported to exhibit strong anti-hypertensive effect in both *in vitro* \[[@ref48]\] and *in vivo* \[[@ref49]\] studies. Bhullar *et al*. \[[@ref50]\] further demonstrated that caffeic acid and its derivatives exhibit a strong anti-hypertensive effect through the inhibition of ACE.

Vascular oxidative stress is a common feature of both gout and hypertension. Oxidative stress sets in when the oxidant burden (free radicals, ROS and reactive nitrogen species) of the body cells outweighs the available antioxidant defense system, both enzymic and non-enzymic. Hence, improving the antioxidant status of the body is important for the management of gout and hypertension. The guava leaves extract exhibited antioxidant activity by inhibiting Fe^2+^-induced lipid peroxidation and scavenging free radicals (DPPH\* and ABTS\*^+^). Previous reports have indicated that the activities of XO \[[@ref51]\] and angiotensin II \[[@ref52]\] enhance the peroxidation of lipids. Oxidative damage to the membrane lipids produces an array of cytotoxic products, especially aldehydes such as malondialdehyde (MDA) \[[@ref53]\]. These cytotoxic aldehydes play a role in a number of oxidative stress-induced inflammatory diseases \[[@ref54]\], including gouty arthritis. Oxidative damage to the cell membrane caused by the peroxidation of membrane lipids has the tendency to disrupt the functions of membrane transport proteins and ionic channels; deactivate membrane-bound enzymes; and increase the permeability of the membrane lipid bilayer \[[@ref37]\], to ions and other molecules that may be toxic to the cell. The ability of the guava leaves extract to inhibit Fe^2+^-induced lipid peroxidation indicates that it could mitigate the oxidative damage to cell membrane lipids caused by ROS produced by the over-activity of XO in gout patience, and by angiotensin II in hypertensive patients. Interestingly, the extract had a lower IC~50~ (27.52 ± 1.72 μg/mL) against Fe^2+^-induced lipid peroxidation, in comparison with the 36.97 ± 2.06 μg/mL (in rat liver homogenate) reported for *T. tetraptera* fruit extract \[[@ref17]\].

The DPPH\* SC~50~ (13.38 ± 0.86 μg/mL) observed in this study for the guava leaves extract is about twice higher than the IC~50~ of 6.25 μg/ml of its ethanolic extract earlier reported by Thephinlap *et al*. \[[@ref55]\]. On the other hand, the ABTS\*^+^ scavenging ability (3.20 ± 0.14 mmol TEAC/g) of the extract in this study is lower than the TEAC value (4.908 ± 0.050 mM/mg) of its ethanol extract reported by Tachakittirungrod *et al*. \[[@ref56]\]. These variations could be attributed to differences in biotic and abiotic factors affecting the phytochemical level and bioactivities of the plant in the different regions where the leaves sample was collected, and variations in the period of sample collection \[[@ref24]\] as earlier stated. The antioxidant activities of the guava leave extract could be attributed to the flavonoids and phenolic acids. These polyphenols have redox properties, which enable them to function as reducing agents, hydrogen donors, and singlet oxygen quenchers \[[@ref57]\]; hence, their antioxidant activity. Thus, the guava leaves extract could help in scavenging the free radicals and ROS generated by the activities of XO and angiotensin II. Interestingly, using XO inhibitors is suggested to be a viable antioxidant approach in pathophysiologic conditions such as hypertension in which ROS production is exacerbated \[[@ref11]\]. Our results confirm the report of Braga *et al*. \[[@ref24]\], who observed high levels of antioxidant properties in guava leaves ethanol extract, and inferred that it could be used as functional food. It has earlier been stated that the activity of XO is linked with elevated arteriolar tone and consequently, hypertension \[[@ref9]\]. One of the ways by which this occurs is through the formation of peroxynitrite (ONOO^−^) by the reaction of the O~2~ ^•−^ generated by the activity of XO in the endothelial cells, with endothelial nitric oxide (NO); thereby lowering the vasorelaxant effect of NO \[[@ref11]\]. It is important to recall that the NO is produced from L-arginine by the catalytic function of endothelial nitric oxide synthase (eNOS) \[[@ref58]\]. The ONOO^−^ so-formed is a much more potent oxidant and cytotoxic agent, as experimental evidence suggests that its formation and the concomitant activation of downstream signaling pathways eventually result in injury of the endothelial cell \[[@ref59],[@ref60]\]. The oxidative stress on endothelial cells resulting from the intracellular production of uric acid-derived radicals has the potential to activate the renin/angiotensin pathway \[[@ref12]\], and consequently, elevate the blood pressure.

Thus, the mechanism of the anti-hypertensive activity of guava leaves extract could be viewed to be tripartite; the first is the inhibition of XO with a concomitant decrease in ROS generation; the second is the inhibition of ACE resulting in the decreased production of angiotensin II (a vasoconstrictor), with a concomitant activation of bradykinin (a vasodilator); the third is the scavenging of the ROS generated by the two pathways (XO- and ACE-catalyzed pathways), thereby attenuating the formation of the cytotoxic ONOO^−^ from the reaction of the O~2~ ^•−^ with NO, and maintaining the vasorelaxant effect of the NO. A proposed scheme of this tripartite mechanism of action is shown in [Figure 4](#F4){ref-type="fig"}.

![Schematic diagram of proposed tripartite mechanism of anti-hypertensive effect of guava leaves extract. Purine CP: Purine catabolic pathway, XO: Xanthine oxidase, RAP: Rennin-angiotensin pathway, ACE: Angiotensin I-converting enzyme, GLE: Guava leaves extract, O~2~ ^•−^: superoxide anion radical, ONOO^−^: Peroxynitrite, ↑: Increase. The numbers: 1, 2 and 3 in rectangular boxes indicate the XO inhibition, ACE inhibition; and scavenging of reactive oxygen specie (respectively) by guava leaves extract](JIE-5-122-g011){#F4}

CONCLUSION {#sec1-5}
==========

The inhibition of XO and angiotensin 1-converting; and scavenging of free radicals might be the possible mechanisms of the anti-gout and anti-hypertensive effects of guava leave extract. These effects could be attributed to the combined effect of the flavonoids and phenolic acids present in the extract. Guava leaves extract may, therefore, serve as a functional food for managing gout and hypertension and attenuating the oxidative stress associated with both diseases.
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